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LOCATION ON THE TRANSONIC FLUTTER CHARACTERISTICS
OF A 45° SWEPTBACK WING

By George W. Jones, Jr., and John R. Unangst
SUMMARY

An experimental investigetion has been conducted in the 26-inch
Langley transonic blowdown tunnel to determine effects of center-of-
gravity location on the transonic flutter characteristics of a 45°
sweptback-wing plan form of aspect ratio 4.0 and taper ratio 0.6. Solid-
construction models of the plan form with streamwise NACA 65A004 airfoil
sections and center-of-gravity locations at approximately 34 percent
chord, 46 percent chord, and 58 percent chord, respectively, were fluttered
at several Mach numbers between 0.8 and 1.35.

It was found that, for streamwlise Mach numbers from 0.8 to 1.0, the
variation with Mach number of the ratio of experimental flutter speed to
a calculated incompressible flutter speed was not affected by center-of-
gravity location. However, for Mach numbers from 1.0 to 1.35, there was
an increase in flutter-speed ratio with Mach number which was different
for each center-of-gravity position. Data from wings with successively
more forward center-of-gravity locations showed successively larger
values of flutter-speed ratio at Mach numbers from 1.0 to 1.35.

INTRODUCTION

As a result of several investigations in the 26-inch Langley tran-
sonic blowdown tumnel (refs. 1, 2, 3), extensive data have been obtained
which give effects of plan form and Mach number on the flutter speed of
swept wings in the transonic speed range. These data have been presented
as the variation with plan form and Mach number of a ratio of the exper-
imental flutter speed to a calculated, or reference, flutter speed based
on two~dimensional, incompressible aerodynemic coefficients.
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The question arose as to whether the flutter-speed ratios obtained
in the previous investigations were functions only of Mach number and
plan form or whether the ratios could be affected by changes in some of
the elastlic and inertia parameters which are present in the calculation
of the reference flutter speed. A study of reference 4t suggested that,
for the case of a given plan form having low values of the ratio of fun-
damental bending to torsion frequency, the parameter most likely to affect
the variation of the flutter-speed ratio with Mach number was the chord-
wise location of the center of gravity. An investigation was made, there-
fore, in the 26-inch Langley transonic blowdown tunnel to determine the
effect of the chordwise center-of-gravity location -on the varigtion of
the flutter-speed ratio with Mach pumber.

The plan form used in the investigation had an aspect ratio of h,
sweepback angle of the quarter-chord line of h5°, and a taper ratio
of 0.6; and the centers of gravity were located at 34 and 58 percent
chord. Results from references 2 and 3 were also available for the same
plan form with the center of gravity located at 46 percent chord.

The trends shown by the results of this investigation have been
previously discussed and analyzed in reference 5. The flutter-speed
ratio at supersonic Mach numbers was shown to be a function of the chord-
wise center-of-gravity location and a method of analysis was developed
therein which credibly explained the effect of the chordwise center-of-
gravity location on the flutter-speed ratio.

The purpose of the present report is to present certain details of
the center-of-gravity investigation which were not included in reference 5,
namely the physical properties of the models used, the values of the
test parameters at flutter, and the results of the flutter calculations.
For completeness of the present report some of the information from ref-
erence 5 is repeated herein.

SYMBOLS
Span2
A aspect ratio including body intercept,
Area
a distance in wing semichords from midchord to elastic-axis

position; taken perpendicular to quarter-chord line,
positive rearward, 2x, - 1

(Exposed span)2
. Exposed area

geometric aspect ratio,

b half-chord perpendicular to quarter-chord line, ft
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by half-chord perpendicular to quarter-chord line at intersection
of quarter-chord line and wing root, £t
bg half-chord measured stresmwlse at intersection of wing root
and fuselage, It
c wing chord perpendicular to quarter-chord line, £t
£ng measured coupled bending frequencies, cps (i = 1 or 2)
fy measured first coupled torsion frequency, cps
T uncoupled first torsion natural frequency relative to elastic
N “i/2
Y
i
Ta
axis, cps f = £ ]1 - —
th
L v/
EI bending stiffness, 1b/in®
GJ torsion stiffness, 1b/in?
&n structural damping coefficient in bending
I mass moment of inertia of wing section about elastic axis,
slug-£t2/ft
1 length of wing panels outside fuselage, measured along
quarter-chord line, %
M Mach number
m mass of wing per unit length slong quarter-chord line, slugs/ft
q dynemic pressure, 1b/sq ft
Ty nondimensional radius of gyration of wing section about elastic
1/2
axis, é&hﬂﬂba) /

\ airstream velocity, ft/sec
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component of stream velocity normal to quarter-chord line, ft/sec

flutter-speed ratia, ratio of experimental flutter speed to a
calculated reference flutter speed

Xo distance, perpendicular to quarter-chord line, of elastic axis
of wing section behind leading edge, fraction of chord

Xeg center-of-gravity location, fraction of chord behind leading
edge, measured perpendicular to quarter-chord line

Xy distance in semichords (measured perpendicular to. quarter-chord
line) from wing elastic axis to wing center of gravity, posi-
tive when center of gravity is behind the elastic axis

q nondimensional coordinate along quarter-chord line, fraction of
length 1

u mass-ratio parameter, -m./:tpb2 (values given in table II taken
at 0.751)

A taper ratio, Tip chord/Chord in plane of symmetry

A angle of sweepback of quarter-chord line, deg

P alr density, slugs/cu ft

w angular frequency of vibration, radians/sec

wpy angular bending frequency, radians/sec (2nfhy)

Wy angular uncoupled torsion frequency, radians/sec (Qﬂfd)

Subscripts:

e experimental values

R calculated values

MODELS

Model Geometry

The plan form selected for these tests had an aspect rapio of h,
a quarter-chord sweepback angle of h5°, and a taper ratio of 0.6. Models
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of the plan form had NACA 65A004 airfoil sections along streamwise chords,
a wing span of 1.142 feet, and the ratio of sting diameter to wing span
was 0.22. :

Two types of models of this plan form were constructed. One type
had the center of gravity located at approximately 34 percent chord
while the other type had the center of gravity located at approximately
58 percent chord (measurements perpendicular to the quarter-chord line).
The models of reference 3, for which data are presented herein for com-
parison (see table I(b)), had a center-of-gravity location at approxi-
mately 46 percent chord. The center-of-gravity locations measured in
percent of streamwise chord were 37 percent, 49 percent, and 61 percent.
Because of their destruction by flutter, several models of each type
were necessary in order to obtain the desired data.

Model Materials and Construction

Figure 1 gives a plan-form view of the three types of models cut
away to show the construction details. The models with a center of
gravity at 34 percent chord were made with a Compreg (laminated, com-~
pressed, resin-impregnated maple) core. These models had a lead-bismuth-
tin mixture leading edge (50 percent lead, 25 percent bismuth, 25 percent
tin by weight) and an outer wrapping of a 0.003-inch-thick Fiberglas
cloth. The models with a center-of-gravity position at 58 percent chord
were also made with a Compreg core and had a lead-bismuth-tin mixture
trailing edge and a Fiberglas wrap. The Fiberglas wrap for the models
with 58-percent center-of-gravity location was of three layers; two
layers were unilateral Fiberglas cloth (majority of strength in one
direction similar to wood grain) with strength directions forming 45°
diasgonals across the quarter-chord line and the third layer was an outer
wrep of 0.005-inch Fiberglas cloth. The lead-bilsmuth-tin mixture used
for leading or trailing edges, was cut perpendicular to the quarter-
chord line at l/2-inch spanwise intervals to minimize the effect on wing
stiffness. The models of reference 3 which had the same plan form as
the models of this report but a location of the center of gravity at
46 percent chord were of solld Compreg wrapped with two layers of 0.003-
inch Fiberglas cloth, except for one model of plain Compreg with no wrap.
On all models the layers of Fiberglas cloth were bonded to each other
and to the core with Paraplex cement. The Fiberglas wrapping. extended
into the wing mounting block at the root for approximately 1/4 inch.

The 3/8-inch-thick wing mounting block was an integral part of the wing
core of Compreg wood :(see fig. 1) and fitted flush in a slot in.the
sting mount. g . C A AR VT

o
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Model Physical Parameters

Measurements were made of the following physical parasmeters on each
wing panel of every model tested: (1) elastic-axis position, (2) first .
and second bending and first torsion coupled natural frequencies, and
(3) structural dsmping coefficient in bending. Measurements were made
of the following parameters on at least one wing panel of each type of
model constructed: spanwise variation of mass, center-of-gravity loca-
tion, and mess moment of inertia about the elastic axis (see table I).
Measurements made of the spanwise variation of bending and torsion stiff-
ness EI and GJ for a representative panel of each type of model are
presented in figure 2. A discussion of the methods used to measure the
verious physical properties may be found in references 2, 3, and 6.

APPARATUS AND TESTS

The tests were made in the 26-inch Langley transonic blowdown
tunnel. A desirable flutter-test feature of this tunnel is that during
its operation a selected Mach number which is controlled by an orifice
plate cen be held approximately constant (after the orifice is choked)
while test section stagnation pressure (and thus density) is varied. :
The tunnel can be operated through the subsonic Mach numbers and up to
a supersonic Mach number of aepproximately 1.45 and the tunnel density
range is from approximately 0.001 to 0.012 slug per cubic foot. A
more complete description of the tunnel may be found in reference 3.

The flutter-model wings were mounted at 0° angle of attack on a
cylindrical sting fuselage. This sting extends intoc the subsonic flow
region of the tunnel and thereby eliminates the formation of a bow shock
wave which might reflect from the tunnel walls onto the model. The fun-
damental frequency of the support system is approximately 15 cycles per
second.

Both wing panels of each model were instrumented with wire strain
gaeges. A recording oscillograph was used to give a simultaneocus record
of the strain-gage signals, tunnel stagnation temperature and pressure,
and test-section static pressure. The strain-gage signals were used to
indicate the start of flutter and the frequency of wing oscillations.

The tests were conducted in such a manner that the f£lutter speed
and flutter frequency were determined on each model for several Mach
nunbers throughout the transonic range from sbout M = 0.8 +to about
M= 1.4, A more detailed discussion of the testing technique as well .
as the model support system and the instrumentation may be found in
reference 3.
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RESULTS

Method of Anslysis

The rebults of the present tests are presented as the variation
with Mach number of a ratio of the experimental flutter speed to a cal-
culated, or reference, filutter speed. The reference flutter speeds
for these test results were calculated (as in ref. 3) by use of two-
dimensional, incompressible air forces combined with cantilever beam
deflection modes in a Rayleigh-type analysis. In the ansalysis, the mode
shape of the wings during flutter was represented by the nondimensional
shapes of the first two uncoupled bending modes and the first uncoupled
torsion mode of a uniform cantilever beam. The frequencies used in the
analysis were the measured values of the first two bending natural fre-
quencies (these values were assumed to approximate the uncoupled values)
and the uncoupled value of the first torsion frequency (which was obtained
from the measured coupled value by the approximate formula glven in the
1ist of symbols herein).

General Comments

Certain general comments made in the section entitled "Results"
of reference 3 concerning the nature of flutter encountered and the
effects of testing technique apply to the present tests, and may be
summarized briefly by the following statements:

(1) The flutter observed in the tests was of the classical bending-
torsion type.

(2) The amplitude of wing oscillations following the start of flutter
did not continually increase with time but increased rapidly to some
nearly constant value.

(3) An easily defined start of flutter was not always obtained.
Often, a period of intermittent sinmusoidal-type osclllations in both
bending and torsion (designsted a low-damping region) preceded contin-
uous flutter. 1In such cases, the exact start of flutter was difficult
to pick on the oscillograph record. These cases are treated in the same
manner as simlilar cases in reference 3., Briefly, this involves selecting
two data points for those cases in which the exact start of flutter could
not be determined. The first point is taken near the beginning of the
intermittent sinusoldal-type oscillations and is designated as the start
of a low-damping period. The second point is taken near the beginning
of continuous flutter and is designated as a point of flutter.
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(4) In some cases, the two panels of the same model did not flutter
simultaneously; probasbly because of slight differences in physical prop-
erties between wing panels. In such cases; separate flutter points are
presented for the start of flutter for each panel.

(5) The operating characteristics of the tunnel were such that
frequently during a single run (a run is defined as one operation of
the tunnel from valve opening to valve closing) the tunnel-operating
curve of dynamic pressure as a function of Mach number intersected the
wing flutter-boundary curve of dynamic pressure required for flutter
against Mach number at more than one point. In such cases, each point
of intersection is presented in the data.

Presentation of Data

The results of the investigation are tabulated in table II as are
some data of reference 3 (table IT(b)). The first five columns of the
table contain a brief description of the chronological behavior of each
wing panel during each run. The first column gives the identification
number of the model., A model designation of reference 2 in this column
indicates that the data for the run were taken from reference 2 in which
no record was kept of the numbers of individual, similarly constructed
models of the same plan form. The second column gives the run number,
and the third column shows in chronological order the data points which
occurred during each run. The fourth and fifth columns contain code
letters which describe the behavior of each wing panel at the time of
each data point. The code letters and thelr designations are as follows:

F flutter

D low damping

E end of flutter with dynamié pressure increasing
N no flutter

G straiﬁ gages inoperative, no record

X | panei destroyed or not installed

Subscripts 1 or 2 attached to these letters indicate the phenomena are
related to the first or second occurrence of flutter on the panel during
the given run. For example, a series of data points obtained during a
given run might be coded as follows:
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Wing behavior
Run | Point
Left | Right
3 1 Fi | By
2 Ep | By
3 D2 | Do
h Fo Do
> o | P2

In this example, flve data points were obtalned during run 3. At the
time of point 1, both panels began to flutter and continued to flutter
until point 2 when both panels stopped fluttering although the tunnel
dynamic pressure was Increasing. Then, near the time of polnt 3 both
panels began sinusoldal-type oscillations, designated as low damping,
prior to a second occurrence of flutter which became continuous on the
left panel near the time of point 4. The right panel continued to
exhibit low-damping behavior until point 5 when it too began & contin-
uous flutter for the second time during run 3.

Figures 3 through 6 present the results of the investigation in the
form of plots of the ratio of experimental to reference flutter speed
Ve/VR as a function of Mach number. Figures 3, 4, and 5 each present

the flutter-speed ratios obtained &t various transonic Mach numbers on
models having one of the three center-of-gravity positlons investigated
(fig. 4 is data from ref. 3). In these figures, the low-damping periods
are indicated by dashed lines beginning at the point selected at the
start of the low-demping period and extending to the point of continuocus
flutter. The data point near the beginning of a low-damping period is
denoted by the lower end of the dashed line whereas the data point near
the beginning of continuous flutter is marked by a symbol. The path of
the dashed lines 1s a function of tunnel operating conditions as the
flutter point was approached. The points at the start of flutter are
indicated by plain symbols and points at the end of flutter are indicated
by shaded symbols, Figure 6 is a plot which superimposes the three
faired flutter boundaries of figures 3, 4, and 5.
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DISCUSSION

As may be observed in figure 6, the flutter-speed ratios for the .
three center-of-gravity positions merged in the high subsonic range
(0.8 £ Mg £ 1.0) with values near 1.0. Thus, in the high subsonic range,

the reference flutter speed accurately predicts the experimental flutter
speed. In the low supersonic range (1.0 £ My £ 1.35), there is a rapid

Increase in- Vé/VR as the Mach number increases, but the rate of increase

is different for the various center-of-gravity positions so that each
configuration has a separate flutter. boundary. Examination of figure 6
shows that the rate of increase of Vg/VR with Mach number becomes larger
as the center of gravity moves forward. Thus, for the test plan form in
the supersonic speed range investigated, the flutter-speed ratio is not

a function of plan form and Mach number alone but also appears to be a
function of center-of-gravity position.

Some doubt may be expressed that the difference in the Vg/VR
curves in figure 6 should be attributed to chordwise changes in center-
of-gravity location because, as previously stated, models of the present
investigation which had different center-of-gravity locations also had
different values of the elastic and inertla parameters wn/ay, ry, m,

and &a. It can not be proved from the available data that the differences

in the Vg/VR curves were not affected by the changes in these other o
parameters. However, on the basis of the analysis in reference 5 which

uses trends and conclusions drawn in reference 4, the chordwise center-
of-gravity location would appear to be the major factor in accounting

for the present differences in the supersonic values of the flutter-

speed ratios. .

The flutter data as presented in figure 6 cannot indicate directly
the relative flutter susceptibility of a given wing design as the center
of gravity is moved, since both V, and Vg would be expected to change.

However, it can be shown with the aid of a comparison of the sharp

upsweep of the curve of Vé/VR for the 34 percent chord center-of-gravity
location with the more gentle upsweep of the curves for the 46- and 58-
percent-chord locations that i1t may be possible to reduce the severity

of the flutter problem at supersonic speeds by a suitable forward loca-
tion of the center of gravity.

In the subsonlc speed range the curves of Vé/VR in figure 6 are

the same for all center-of-gravity locations tested and thus do not reveal

the fact that the actual flutter speeds vary with the center-of-gravity *
location. Nor can the effects of center-of-gravity location on the

flutter speed be obtalned by directly comparing the experimental flutter
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speeds because the models constructed with different center-of-gravity
locations had necessary differences in mass and stiffness parameters
which affect the flutter speed. However, an examination of the nondimen-
sional flutter-speed coefficient VR/bpay, given in table IT shows that,

for equal values of mass ratlo, the flutter-speed coefficients at sub-
sonic speeds had approximately a 25-percent increase as the center of
gravity shifted from 0.58 chord to 0.46 chord and an additional increase
of approximately 75 percent as the center of gravity shifted from

0.46 chord to 0.34 chord. These increases in VR/bruy, which were based
on three-dimensional calculations to the extent that spanwise variations
of mass, geometry, and alrfoil vibration mode shape were taken into
account, are similar to those shown by the calculations of reference 4
for a two-dimensional wing.

CONCLUSIONS

The conclusions drawn from an experimental investigation of effects
of center-of-gravity location on the transonic flutter characteristics
of a 45° sweptback wing follow:

1l. For streamwise Mach numbers from 1.0 to 1.35, the flutter-speed
ratio was affected by center-of-gravity changes. In this Mach number
range, there was an increase in flutter-speed ratio (ratio of experi-
mental to calculated flutter speeds) with Mach mumber which was differ-
ent for each center-of-gravity position. The rate of this increase in
flutter-speed ratio became larger as the center of gravity moved forward.

2, For streamwise Mach numbers from 0.8 to 1.0, presenting the
results as a flutter-speed ratlo removed the effect of center-of-gravity
position since the flutter-speed ratio was approximately 1.0 in this
range for all center-of-gravity positions tested.
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3. The calculated flutter-speed coefficients for equal values of R
mass density ratio, increased approximately 25 percent when the center
© of gravity was changed from 0.58 chord to 0.45 chord and increased
approximately an additional 75 percent when the center of gravity was .
changed from 0.45 chord to 0.34 chord.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va., October 15, 1955.
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(&) Vinge with center of gravity at approximately 3l percemt chord

TABLE I.- PHYSICAL PROPERTIES OF MODELS

1, 2
Parameter , and % 3 Wing No. 5 (left pan?l)
n m
NACA JE{act:f.on 65ﬁ00h %g a raz ol ug;/i"b
A
St 0.5 o.g,; -o.gzog 0.023 o.ﬁgg 0-00895
PB.DEJ. 1‘ 0.657 . e - . *
spa, Tt 12 2|y | k| e e
z, t ) 0'630 oll; "'c368 Aor;ll o-l-d-l-l -00737
me | oE 2| e | e
by, £t 0.163 5 | -h | o7k | 513 | .oo518
Average Xc,g, 0.337 85§ -.h29 .081 .516 .00k75
al 0002111 195 --h-hh 0087 -515 00(1"-33
1
Wing No. 1 Wing No. 2 Wing No. 3 Wing No. & Wing No. §

Froquen Left Right Left Right Left Right . | Left Right Left Right

Tedquenay Panel panel pansel panel panel panel panel panel panel panel
: 61 61 61 80 - 60 65 &l 61 61 61
m ,

T, 332 322 32 327 2 | 361 3 322 318 331
i‘tl 210 208 226 . 230 232 228 227 213 217 218
Lo 173.2 172.4 187 191 192 188 188 176 - 179.3 180

(o /o, )2 | 0.1240. | 0.1252 | 0.1062 | 0.0995 | 0.0977' | 0172 | 0.1163 | 0.1200 | 0.1150 | 0.246

(tq]?/mal)z 3.6743 | 3.4885 | 3.3h8L | 2.9L485 | 2.8126 | 3.6716 | 3.3005 | 3.3663 | 3.155 | 3.37M0

¢t
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TABLE I.- Continued

{(b) T¥ings with center of gravity at approximately 4§ percent chord

Ting of Wing of Ref. 2 Wing no. 1
Parameter Ref. 2 - =,
Wings 1 and 2 n X, a gl alu,g; /6 Xg a rq? | alugs/ft
HACA i““m 65{:0“* 0.05 | -0.02 | -0.07 | 0.22 | 0.00861 0,037 | ~0.117 | 0.233 |oc.no733
A da i3 s .01 -.10 .22 00527 030 ~.110 .234 00648
Pa;x 7 )EL 0.8 .25 .0l -.10 .23 L00h93 .023 -, 102 235 00576
® o i .35 .07 -.15 .24 .00l58 .016 - .236 '88516
Spar, 1iée A5 .09 -.18 2 .oal2h .009 -.0B8 .237 | ool
IAgft 0.630 gg .1§ -.21 .zg .00389 .02 -.082 .238 | .ool3s
» . . .1 . .2 00355 -.005 -.a7h .239 00407
by, It 0.123 .75 .17 -.26 26 00321 -2 -.067 '.2)30 00382
ba, It 0.163 .85 20 | -.29 | .27 | .o@86 | -.al8 | -.060 | .24 | .o0361
Average xgg 0.455 .95 .23 -.32 .28 00252 -.a25 -.053 2h2 | .003U3
€h 0.030
Wing of Ref. 2 Wing No. 1 ving No. 2
Frequency Laft Right Left Right
Both panels panal panel panal psnel
i‘hl 88 67 6l 78 73
fhz Lé2 357 367 399 387
Ly, 370 356 32 389 378
Tay 361 356 3h2 389 378
(%l/mal)"‘ 0.05% 0.035h | 0.0350 | 0.0LR | 0.0373
(mbz/ooal)z 1.638 1,006 { 1,151 | 1.083 | 1.049
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TABLE I.- CONCLUDED

(c) Wings with center of gravity at approximately 58 percent chord

|
i ' )
{ 1, 2, 3,
P&I‘ s ] ) . '
3 ameter £, ana & Wing No. 3 (right panel)
' Y
{ ¥ACA Bzction SSﬁmh Xq a I.(12 Blug;/i‘t
' de
‘n";‘ 8 o_ﬁs 0.05 0.061 0.099 0.226 0.01175
Panel % 0.657 .15 070 .088 2l .01161
Spa.ﬂ,, fb l.gﬁz !25 -086 0071-1 -252 -010 3
|
| Ag 1.65 - g -098 v%z .259 -01 O
i 1, £t 0.630 45 111 .Ch9 260 00551
| b., It 0.123 95 .123 036 .255 .00818
! br’ P 0.163 .65 135 .02l .258 .00732
1 g hd -75 ] 8 .011 n273 -%60
‘,’ Avﬂr&ge xcg 0'5795 185 -160 "'9001 . 028-!1 .w595
. Eh 0.0327 095 .173 "'-013 -3‘89 .005'1:.0
Wing No. 1 Wing No. 2 Ting No. 3 ¥Wing No. L Wing No. 5
Left Right Left Right Left Right Left Right Left Right
Frequenay panel panel panel panel pansl panel pansl panel panel panel
£ L8 51 0] 50 L9 o1 52 51 52 51
Pho 25 255 2u7 2Lt 230 235 2130 236 226 230
i £y, 382 382 385 385 380 383 3n 386 33 360
! .
; fa) 3716 | 376 | 3746 | 37h6 | 370 373 380 376 353 350
‘ (""11/%1)2 0.01668 | 0.01883 { ©.0178L | 0.01781 | 0.01764 | 0.01868 | 0.01833 | 0.01808 | 0.02129 | 0.021ok
(any/0g, )" | 0.L3LT | 0.4709 0.3437 | 0.3437 | 0.3870 | 0.3878 | 0.391h | @.3%49 | 0.L0%65 | 0.4313
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TABLE TT,- OWPILATION (F AMALYTTCAL AND IIPIRIMENTAL RESTLES

E ~ ewl of fiwbber (dynemic pressre incrsasing)

0 = straln gages not workdng

F - flobter

Wing perml behavior oode

T - oo fluiker
D < lowr dacplzng

Sobsaripter 1 - asscotatad with first scoorrence

X = wing pansl destroysd or ot lustalled

2 = apsociated with sevond esomrrense

of Aubter dwring the rm
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{a} Wings with cmmter of grevity xt wpprarimtely M percoot chord
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Figure 1l.- Cutaway plan-form view of the three types of models showing
construction used to vary the center-of-gravity location.
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Figure 4.~ Variation of flutter-speed ratio with Mach number for models

with center-of-gravity locations at approximstely 46 percent chord.
(Data from ref. 3.)
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Figure 5.- Variation of flutter-speed ratio with Mach number for models
" with center-of-gravity locations at approximately 58 percent chord.,
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Pigure 6.~ Effect of center-of-gravity location on the variation of the
flutter-epeed ratio with Mach number,
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